Introduction
Much research has involved finding ways to prevent or to delay deterioration in foods. Recently, our research (1,2) has focused on developing safe and effective compounds from natural sources (especially from edible plants) that will prolong the storage life of food.
We studied the genus Piper of the Family Piperaceae, to identify the structure of the compounds in its species that give organoleptic (3) (4) (5) , medicinal (6) (7) (8) (9) , and insecticidal (10) (11) (12) (13) properties. Many species, among the 700 in this genus, are used not only as spices but also as folk medicines (14) . This paper reveals the structure of the compounds and their resulting properties for Piper nigrum L., P. retrofractum Vahl., and P. baccatum Blume.
Structural Determination of Constituents
Powdered dry fruits of white pepper (P. nigrum) were extracted with methylene chloride and fractionated as shown in Figure 1 . The fractions determined were neutral (83.80%), weakly acidic (1.72%), strongly *Department of Food and Nutrition, Faculty of Science of Living, Osaka City University, 3-3-138, Sugimoto, Sumiyoshi-ku, Osaka 558, Japan. acidic (0.55%), and basic (0.22%). We found piperine [1] (a pungent principle) and more than 40 constituents isolated from P. nigrum to be neutral compounds. The weakly acidic fraction showed significant anitoxidative activity, and we subjected it to column chromatography on silica gel, using a solution of CH2Cl2 and MeOH as an eluant. The major compound [2a] , purified upon recrystallization from hot chloroform ( We isolated three minor phenolic amides from the fractions that were less polar than [2a] and [3a] . Each was isolated by repeated chromatography on silica gel and Sephadex LH-20. All were piperidine amides and identified by spectroscopic analyses to be N-trans-feruloyl piperidine [4] , N-5-(4-hydroxy-3-methoxyphenyl)-2E,4E-pentadienoyl piperidine [5] , and N-5-(4-hydroxy-3-methoxyphenyl)-2E-pentenoyl piperidine [6] .
The structures of all five compounds obtained from the weakly acidic fraction of P. nigrum were confirmed by synthesis (15, 16 ) (see Fig. 3 ). We examined another Piper species, the Javanese isolated. One of the neutral compounds recrystallized from hexane and produced needles [8] (mp 116°C). We determined the molecular formula to be C24H33NO3. The IR absorption bands indicated a conjugated amide carbonyl at 1655, piperonyl moiety at 1255, 1040, and 970 cm-1, which was also supported by a two-proton singlet at 8 5.92 in the NMR spectrum. A doublet (6H) at 8 0.91 and a triplet (2H) at 8 3.16 suggested the presence of isobutylamino moiety in the structure of [8] .
Mass spectral analysis of this amide showed a molecular ion peak at m/z 383 and a prominant ion at m/z 135, indicating a stable methylenedioxy tropyrium ion. We observed a typical fragmentation pattern, a series of fragments of m/z 161, 131 (base peak), and 103. All of these data suggested the structure of [8] to be N-isobutyl-13-(3,4-methylenedioxyphenyl)-2E ,4E, 12E-tri-+ decatrienamide (guineensine) (18) (Fig. 4) .
Repeated column chromatography produced yet another compound (mp 84°C); we determined the molecular formula to be C14H25NO. A Amax of 258 nm suggested the presence of trans-oa,1,-y,8-double bond conjugated to a carbonyl group; it was confirmed by NMR analysis. The data ofthis compound were identical with those of authentic pellitorine, N-isobutyl-2E,4E-decadienamide [9] (19) . We identified other components from the neutral fraction to be piperine [1] , methyl piperate [7b] , N-isobutyl-2E,4E,8Z-eicosatrienamide [10] , and 1-sitosterol [11] .
Another species, P. baccatum Blume (known as "rinu" in Indonesia), contained tuted with two methylenedioxy benzyl groups. We identified this compound as (-)-cubebin [12] (20, 21) . On the basis of its spectral data we determined the other compound (mp 85.0-85.5°C) to be a 2,3-seco-7, 11-dehydrogermacranolide sesquiterpene lactone.
Antioxidative Activity
Today, to depress and delay the formation of peroxide and rancidity of oils and fats, antioxidants are widely used in processed foods. The most commonly used antioxidants are synthetic antioxidants such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (Ferric Thiocyanate Method; conc. 0.02%) (BHT), and a natural antioxidant, a-tocopherol. However, the use of BHA and BHT as food additives is restricted in several countries because of undesirable effects these additives produce on the enzyme systems of liver and lung (22, 23) . The antioxidative ability of atocopherol is less active. Therefore, finding and preparing antioxidants from natural foodstuffs is a logical alternative.
We measured antioxidative activity on the compounds isolated from pepper. Figures 5 and 6 show the antioxidative activity of piperine and five amides from P. nigrum, measured by the ferric thiocyanate method and thiobarbituric acid method, respectively. In these experiments, linoleic acid was used for the oxidation substrate. Piperine [1] showed no activity. All phenolic amides [2] [3] [4] [5] [6] showed significant activity, more effective than cx-tocopherol at the same concentration (0.01%). The activity of compound [5] was as high as that of synthetic antioxidants, BHA and BHT, at the same level. Piperic acid [7a] and some of the neutral components isolated from P. retrofractum and P. baccatum showed slight antioxidative activity, but they were less active than a-tocopherol (Fig. 7) .
Antimicrobial Activity
It is known that certain pepper spices possess antifungal and antibacterial activities. Antibacterial activities of compounds [2] [3] [4] [5] [6] 
Antioxidants and Mutagens
In recent years, chemicals with mutagenic and carcinogenic activities have been isolated in foods (24, 25) . These chemicals are either naturally occurring constituents, substances formed during processing or storage, or contaminants (26) . Lipid peroxidation, a radical chain oxidation of unsaturated fatty acid, causes oxidation damage in living organisms. Mutagenesis and carcinogenesis is induced by lipid peroxide and by malondialdehyde produced by oxidative cleavage of fatty acid (27) . Antioxidants such as BHA, BHT, ascorbic acid, and selenium are known to reduce mutagenicity (28) (29) (30) (31) (32) (33) . Plant phenol ellagic acid, which possesses high antioxidative property, reacted with an ultimate carcinogen, benzo[a]pyrene-7,8-diol 9, 10-epoxide, to form inactive cis and trans adducts (34) (Fig. 8) .
Mutagenesis in food is an obvious hazard. Continued study of the relationship between mutagens and naturally occurring antioxidants isolated from peppers and other spices is important if methods are to be developed to prevent the formation of mutagens or to inactivate them.
Experimental
Melting points, measured with a Yanagimoto micro melting-point apparatus, were left uncorrected. The UV absorption spectra were determined on Hitachi 323 and 220 spectrophotometers, and IR spectra were recorded by a Jasco IR-S. The 1H-NMR spectra were determined on a Hitachi R-600S instrument tetramethylsilane (TMS) being used as an internal standard. The MS data were obtained on a Shimadzu GCMS-7000. Column chromatography was performed using Merck silica gel-60 (70-230 mesh) and Pharmacia Sephadex LH-20; thin layer chromatography (TLC) was completed using silica gel GF-254.
Extraction and Isolation
Dried and powdered (20- [4] , [5] , and [6] . Extraction and purification procedures for P. retrofractum and P. baccatum were performed in the same manner.
Antioxidative Assay
Antioxidative activity of each sample to protect linoleic acid was measured by the ferric thiocyanate method and thiobarbituric acid method (TBA) (2) . The sample solution, prepared according to our method at a concentration of 0.01% or 0.02%, was kept in a dark oven at 40°C.
Properties of Isolated Compounds
Piperine [1] . The neutral fraction of the CH2Cl2 extract of P. retrofractum was triturated with EtOH to produce crystals of piperine, mp 129.0°C (EtOH), M+ m/z285. After separation of compound [1] , the neutral fraction was subjected to column chromatography on silica gel, using a mixture of benzene-acetone (98:2) as eluant. Methyl piperate [7b] was obtained from samples 14-18, compounds [10] and [11] were obtained from samples [21] [22] [23] [24] [25] [26] , and compounds [8] and [9] were obtained from samples 32- 
